The contribution of paddy rice to GWP was highest, ranging from 40% to 75%. To find 34 optimal land use combinations that have higher income and lower GWP and FSN than 35 present, all possible land use combination was analyzed by changing the land use 36
proportion from 0 -100% at an interval of 10%. The number of land use combinations 37 meeting the requirements in the three investigated years was 205. Abandoned area which 38 had the smallest environmental load was included in every land use combination, indicating 39 that land uses with low environmental impacts should be maintained at a certain proportion 40 to mitigate the environmental load accompanying land uses with high production. 41
Introduction

46
Based on the consensus definition of "sustainable growth" (World Commission on 47 Environment and Development 1987), analysis of production systems has been conducted 48 to achieve the highest productivity with the least environmental loads. Analysis method such 49 as life cycle assessment (ISO 14000 Information Centre 2002) is a strong tool for this 50 purpose. In agricultural production on farmland, the relation of productivity and 51 environmental load must also be analyzed comprehensive and quantitatively to provide a 52 criteria for choosing the most environmentally-friendly management method to farmers and 53 policy makers. However, quantification of nutrient flow in agroecosystem is difficult due to 54 the diverse environmental condition ruling the agricultural production. Characteristics of soil 55 influence the nutrient leaching rate or green house gas fluxes (Gu et al. 2007 , Tan et al. 56
2009). Climate condition changes among years, and a dry and hot year has different 57 environmental concerns than a wet and cold year due to different soil organic matter 58 mineralization rate (Franzluebbers et al. 2001) or susceptibility of applied nitrogen (N) 59 fertilizer to ammonia evaporation (Sutton et al. 2000) . In addition, recent environmental 60 loads concerning nutrient cycle, such as global climate change, acid deposition or 61 eutrophication are found not only at the local source area where the pollutant is emitted, but 62 regionally and even globally. The flow of pollutants must be quantified and evaluated at a 63 regional to global scale. 64
Since most researches on nutrient flow in agroecosystems are conducted at field scale, 65 monitoring data at the fields must be scaled up to regional scale. The up-scaling of 66 monitoring data can be described in several steps (Kimura et al. 2009 ). The first step is the 67 parameterization of the data monitoring; in which the data are explained by environmental 68 factors. The second step is to get information about the spatial variability. At this step, 69 parameters able to reflect the spatial variation of the target scale must be drawn to a GIS 70 map. The third step is the quantification of the flow and its validation and uncertainty 71 analysis. The final step is the evaluation of the estimated flows and its optimization and 72 mitigation of environmental load. 73
The challenge of the parameterization is to cover additional information or relationship 74 by more easily obtained data at a larger scale than the monitoring is conducted (Seyfried 75 2003). At the second step, the accuracy is important. If the gained parameters are of 76 reduced accuracy, the estimated result has also reduced the accuracy. In most fundamental 77 sense, the loss of accuracy with up-scaling is due to the error caused in reflecting the spatial 78 In this study, an eco-balance analysis was conducted using monitoring results of green 86 house gas emissions (GHG) from different land uses and farmland surplus nitrogen (FSN) 87 survey conducted in a watershed scale. Green house gas emissions were parameterized 88 and an empirical regional scale model for nitrogen and carbon flow was created (Kimura et 89 land use distribution was mapped digitally using ArcView 9. Land use history was analyzed 160 using 1:25,000 maps from geographical survey institute (1959, 1966, 1976, 1988, 1994) . Global warming potential is higher for paddy rice fields and soybean than a previous 236 study ( Kimura et al. 2007 ) apparently due to the increase from 22-57 farms to 127 farms in 237 the current study. In the new inventory, more farmers were included who incorporate green 238 manure and livestock manure into the production system. The standard deviation is higher, 239 but the value might reflect more precisely the real situation in the study area. The calculation 240 of N 2 O emission as well as soil carbon decomposition has also been improved compared to 241 the previous study to reflect climate and soil properties. This eco-balance analysis is a holistic approach to visualize the relation of 294 environmental load and income. The present analysis showed that there is not necessarily a 295 trade-off between environmental load and income. Our analysis showed that even in such 296 case income can still be increased while reducing the GWP through different land use 297 strategies. A similar holistic approach to evaluate land uses is the ecological footprint 298 method (Liu et al. 2008 ). The ecological footprint calculates how much land area is required 299 to compensate the environmental load caused by human activity. But this approach does not 300
have a boundary and is rather an abstract concept. The eco-balance analysis shows 301 concrete measure to balance environmental load and benefits from farming for a given 302
region. 303
The eco-balance analysis also shows the specific characteristics of land uses in the 304 investigated region. Weak points of land uses can be found and changes in management 305 methods can be suggested. For example, paddy rice and soybean cultivation will be highly 306 recommended due to their high income and low FSN, if the GWP could be reduced. 
